Morus species (M. alba var. alba, M. alba var. rosa and M. rubra) was evaluated for its antioxidant and antimicrobial activities in order to enhance its therapeutic uses. Total phenolics and flavonoids contents were estimated in hydromethanolic and aqueous extracts. Results showed highest content in M. rubra leaves aqueous extract (1129 mg gallic acid equivalent/100 g dry weight and 816 mg gallic acid equivalent/100 g dry weight, respectively). Using 2,2-diphenyl-1-picrylhydrazyl assay, the highest antioxidant activity was obtained in aqueous stem barks extracts. M. alba var. alba has an IC 50 of 2.84 mg/ml and the IC 50 value of M. rubra was the highest (4.78 mg/ml). ABTS .+ (2,2'-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) 
INTRODUCTION
Phytotherapy is applied worldwide for certain pathologies. However, in Africa, it is an important tool for treating people not only when other medicines are not available, Leaves and stem bark of Morus alba var. alba, Morus alba var. rosa, and Morus rubra L. were harvested during May 2010 from mulberry trees in Gabes Province (southern Tunisia: 33 • 40 N, 10 • 15 E). Plant material was collected, immediately put in aluminum foil on ice, and stored at -20 • C in darkness in the laboratory upon arrival. Then, it was washed with distilled water and lyophilized. The dried materials were ground into powder with a blender, sieved through an 80-mesh sieve, and stored in an air-tight container at -20 • C until use.
Extract Preparation
Approximately 3 g of lyophilized leaves and stem barks of Morus alba var. alba, Morus alba var. rosa, and Morus rubra L. were extracted with 100 ml 50/50 water/methanol (hydromethanolic extract) in a water bath at 80 • C for 15 min. The same amount (3 g) of lyophilized leaves and stem bark was extracted with water. Respectively, hydromethanolic and aqueous phases were filtered and concentrated under vacuum to give the crude extracts that were resolved in 4 ml of the extract solvent and stored at -20 • C prior to experimentation.
Determination of Total Phenolics and Flavonoids Content
Quantification of total phenolic content was determined using Folin-Ciocalteau method reported by Elfalleh et al. [5] Briefly, the samples (0.1 ml) were adjusted to 1 ml with distilled water and then mixed with 0.5 ml Folin-Ciocalteau reagent and 4 ml sodium carbonate solution (Na 2 CO 3, 1 M). The tubes were vortexed and incubated at 45 • C for 15 min. Afterward, absorption was measured at 760 nm. All measurements were performed in triplicate. The total phenolic contents of the extracts were expressed as mg gallic acid equivalents (GAE) per 100 g dry weight (DW; mg GAE/100 g DW).
Total flavonoid amounts in extracts were measured spectrophotometrically. [6, 7] The method is based on the formation of a complex flavonoid-aluminum, having the maximum absorbance at 430 nm. The samples (0.1 ml) were adjusted to 1 ml with distilled water and then mixed with 0.5 ml of 2% methanolic aluminium chloride solution. After 15 min at room temperature, the absorbance was measured at 430 nm. Total flavonoid contents were calculated as rutin equivalent (RE) from a calibration curve (mg RE/100 g DW).
Antioxidant Activities 2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical-scavenging activity. The DPPH radical-scavenging activity of the extracts, which were dissolved in methanol, was determined according to the modified method reported by Elfalleh et al. [5] Several concentrations from original extract were prepared (0.5, 1, 2, 4, 6, and 7 mg/ml). Each solution was mixed with 1 ml DPPH solution (250 μM) and the mixture was shaken vigorously and left to stand for 30 min in the dark. Remaining DPPH amount, which is characterized by a decrease in absorption and a bleaching of its purple color, was measured at 517 nm using a spectrophotometer (Spectro UV-VIS Auto, Labomed Inc., CA, USA). The radical-scavenging activity was calculated as percent inhibition from the following equation:
ABTS Radical-Scavenging Activity
The total antioxidant activity (TAA) values were estimated by the Trolox equivalent antioxidant capacity (TEAC) test. [8] In this test, the relative capacity of antioxidants was measured to scavenge the ABTS .+ (2,2'-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid)) radical compared to the antioxidant potency of Trolox is used as a standard. ABTS .+ was generated by oxidation of ABTS with potassium persulfate. The ABTS .+ radical generated by mixing 7 mM ABTS solution with 2.45 mM K 2 S 2 O 8 in the dark for 24 h, at room temperature. Before usage, the ABTS .+ solution was diluted with ethanol to get an absorbance of 0.700 ± 0.020 at 734 nm. Twenty-five μl of antioxidant sample or Trolox standard was added to 1 ml of the diluted ABTS .+ solution. The reaction mixture was vortexed for 20 s and then the absorbance was recorded at 734 nm at 5 min. The final TEAC value of the antioxidant compound was calculated by comparing ABTS .+ decolourisation with Trolox, which gives a useful indication of the antioxidant potential of the plant extracts. Measurement was performed in triplicate, and results are expressed as means ± standard deviations.
Reducing Power Assay
The reducing power was determined according to the method of Chu et al. [9] Various concentrations of hydromethanolic and aqueous extracts of leaves and stem barks (2.5 ml) were mixed with 2.5 ml of 0.2 M sodium phosphate buffer (pH 6.6) and 2.5 ml of 1% potassium ferricyanide. The mixture was incubated at 50 • C for 20 min. Afterward, 2.5 ml of 10% trichloroacetic acid (w/v) was added, and the mixture was centrifuged at 650 rpm for 10 min; 2.5 ml of supernatant was mixed with 2.5 ml deionised water and 0.5 ml of 0.1% of ferric chloride, and the absorbance was measured at 700 nm. Increased absorbance of the reaction mixture indicated increased reducing power. The assays were carried out in triplicate, and the results are expressed as mean values ± standard deviations.
Screening for Antibacterial Activity
Screening for antibacterial activity was carried out using 24 h cultures of Staphylococcus aureus ATCC 25923, Enterococcus feacalis ATCC 29212, Staphylococcus epidermis CIP 06510, Escherichia coli ATCC 35218, and Salmonella Typhimurium ATCC 14028. Activity of the above-mentioned extracts was tested separately using disc diffusion method, [10] which is one of the most used susceptibility testing methods worldwide. The medium (Müeller-Hinton Agar Medium) was sterilized by autoclaving at 120 • C. About 30 ml of the medium was transferred aseptically into each sterilized Petri plate. The plates were left at room temperature for solidification. The extracts were freshly reconstituted with suitable solvents (methanol/water [v/v] and distilled water) and tested at various concentrations. Standard discs (6 mm diameter) were impregnated with 12.5 µl of different concentrations of plant extracts and placed on Müeller-Hinton Agar Medium already inoculated with 100 μl of bacterial suspension. Methanol and distilled water were used as negative controls. Standard disc (6 mm diameter) with ampicillin (10 μg/ml) and nalidixic acid (30 μg/ml) were used as a positive controls for antibacterial activity. Plates were incubated at 37 • C for 24 h. Antimicrobial activity was evaluated by measuring the zone of inhibition against the tested bacteria. All tests were performed in triplicate.
Statistical and Chemometric Methods
All tests were carried out in triplicate, and the results were presented as means ± SD. Differences at p < 0.05 were considered statistically significant. Cultivar values for each compound were compared to the mean of all cultivars by calculating a confidence interval. An analysis of variance (ANOVA) was used to compare mulberry species. Each value in the table is represented as mean ± SE (n = 3); different letters in the same column indicate significant difference (P < 0.05); total phenolics values are expressed as mg GAE/100 g DW; total flavonoids values are expressed as mg RE/100 g DW.
RESULTS AND DISCUSSION

Total Phenolic and Flavonoid Contents
Hydromethanolic and aqueous extracts were evaluated for their total and flavonoids amounts. Indeed, many authors suggested that the maximum antioxidant yield was obtained with methanol compared to other solvents. [11, 12] Table 1 shows the amount of total phenolics and total flavonoids from the different extracts of leaves and stem barks. In the hydromethanolic leaf extracts, total phenolics contents ranged from 345.20 (M. alba var. rosa) to 631.53 mg GAE/100 g DW basis (M. rubra). In aqueous extract, the amounts varied between 759 GAE/100 g DW in M. alba var. alba and 1129 mg GAE/100 g DW in M. rubra. For the stem barks, hydromethanolic and aqueous extracts of M. alba var. alba revealed the highest total phenolics (303.73 and 807 mg GAE/100 g DW, respectively). In leaves, the highest total flavonoid contents were detected in M. rubra (398.33 and 816 RE/100 g DW for hydromethanolic and aqueous extract, respectively). For the stem bark, the highest flavonoid amounts were quantified in hydromethanolic and aqueous extracts of M. alba var. alba (173 mg RE/100 g DW and 450 mg GAE/100 g DW in methanolic and aqueous extract, respectively).
These results revealed a higher total phenolic in mulberry leaf extracts compared to stem bark extracts. Furthermore, important total phenolic and flavonoid contents were obtained with water extracts derived from leaf portions. Our results differ from other authors who reported that methanol was found to be the most effective solvent in extraction of total phenolics from Morus indica leaves compared to acetone and water. [13] Zhishen et al. [14] suggested that the flavonoid content of M. alba leaves, collected from different Japanese regions, was 2645 mg RE/100 g DW; this value is significantly higher than that observed in the present study. This difference may be due to many factors such as drought, pollution, UV light, and pathogen attacks, as suggested by many authors. [15, 16] Indeed, climate change can increase the production of phenolic compounds. [17] On the other hand, total phenolic content in M. nigra and M. alba stems, collected in spring, revealed respective levels ranging from 500 to 1200 mg GAE/100 g and from 500 to 800 mg GAE/100 g fresh weight. [18] This confirms the preference of leaves over stem barks by herbal medicine practitioners. In addition, the total phenolic and flavonoid contents in M. alba fruits were, respectively, 181 mg GAE/100 g and 29 mg RE/100 g. [19] Therefore, it is noted that the contents of flavonoids in the studied leaves and stem barks are more important than in fruits. This implied that bioactive compounds from leaves and stem barks might be potential natural sources for the development of antioxidant function in dietary food.
Methanol is commonly used in the laboratory; however, water has been used to prepare decoctions. Results obtained with water show that different studied parts of mulberry contained a good quantities of natural antioxidants (Table 1) . This can support the use of mulberry decoctions by the elderly as natural anti-diabetics, anti-hypertensives, antiinflammatories, and vermifuges. These results encourage further study of the possibility of improving the extraction of natural antioxidants using water and avoiding organic solvents. Indeed, a suitable extracting procedure should be developed and improved to recover more natural antioxidants for possible application in health-promoting supplements and for the pharmaceutical and food industries.
Antioxidant Activity
For a long time, natural products were simply the drugs available, and in modern medicine, it is the main element displaying industrial drugs activities. Numerous studies have suggested that phenolic compounds are responsible for the antioxidant activity in plants. [20] This activity has been attributed to the redox properties, which act as a reducing agent, in addition to acting as a hydrogen donor, singlet oxygen quencher, and metal chelator. [21] In the present study, three methods were used to evaluate the antioxidant capacities of leaves and stem bark from Morus species. The free radical-scavenging activity was determined by DPPH and ABTS tests and these two methods were confirmed by reducing power assay.
DPPH-ABTS Radical-Scavenging Activities
The radical-scavenging activity on DPPH was expressed as IC 50 . This value was the concentration of the extract required to inhibit 50% of the initial DPPH free radical. The IC 50 of all extracts is shown in Table 2 . Leaf and stem bark extracts possess obviously different antioxidant activities. In hydromethanolic leaf extracts, the IC 50 values varied between 3.62 and 6.95 mg/ml for M. rubra and M. alba var. rosa, respectively. IC 50 of aqueous leaves extracts ranged from 3.55 mg/ml in M. rubra and 5.59 mg/ml in M. alba var. alba. Hydromethanolic stem bark extracts showed the lowest IC 50 (3.20 mg/ml) in M. alba var. alba, and the highest value (5.39 mg/ml) was observed in M. rubra. The Arabshahi-Delouee and Urooj [13] reported that M. alba and M. rubra leaves showed IC 50 values of 119.16 and 94.66 μg/ml respectively. They showed that methanolic Morus indica leaf extract was found to be the most active radical scavenger with an IC 50 value of 79.53 μg/ml. In other studies, mulberry green tea revealed a concentration higher than 100 μg/ml, 12% of DPPH radical. [22] DPPH radical-scavenging activity (IC 50 ) of M. alba and M. nigra stem extracts ranged, respectively, from 80 to 100 μg/ml and from 80 to 90 μg/ml. [18] Higher scavenging activity has been reported in pomegranate juice (Punica granatum L.), where IC 50 values varied between 15.98 and 23.98 μg/ml. [5] The results of DPPH radical-scavenging assay revealed that the extracts, by hydrogen and/or electron donation, might prevent reactive radical species from reaching biomolecules such as lipoproteins, polyunsaturated fatty acids (PUFA), DNA, amino acids, proteins, and sugars in susceptible biological and food systems. [23] The ABTS free radical assay can be used to measure the antioxidant activity of a broad diversity of substances, e.g., both aqueous phase radicals and lipid peroxyl radicals. [24] In this experiment, the ABTS method was used to confirm the results from the DPPH test since it is based on a similar antioxidant mechanism. The scavenging activity of the extracts on free radical ABTS, generated by potassium persulfate, was compared with a standard amount of Trolox. The results, calculated as TEAC, are shown in Table 2 . All extracts expressed a free radical-scavenging property, but in different degrees.
Hydromethanolic leaves and stem bark extracts show TEAC values ranged, respectively, from 0.84 mmol/100 g DW in M. alba var. rosa to 1.48 mmol/100 g DW in M. rubra, and from 1.29 mmol/100 g DW in M. alba var. rosa to 1.80 mmol/100 g DW in M. alba var. alba. Aqueous leaves and stem bark extracts show TEAC values between 1.32 mmol/100 g DW in M. alba var. rosa and 1.72 mmol/100 g DW in M. rubra and between 0.96 mmol/100 g DW in M. rubra to 1.88 mmol/100 g DW in M. alba var. rosa, respectively. The lowest TEAC value, which indicated the weakest antioxidant activity, was obtained from hydromethanolic M. alba var. rosa leaf extract. This was in agreement with DPPH assay and total phenolics contents.
As a result, the ability of extracts to scavenge different free radicals in different systems shows that they may be useful phytotherapeutic agents for treating radical-related pathological damage. Through their important antioxidant composition, mulberry leaves can be considered as protective against oxidation of low-density lipoprotein (LDL), and therefore against atherosclerosis. [25] However, the stem barks may be used as an effective and safe antioxidant source.
To explain the variation in the antioxidant activities measurements among different assays, different results to diverse mechanisms of action can be reported. ABTS is a method based on reduction of the 2,2-azinobis-(3-ethylbenzothiazoline sulphonate) radical, and DPPH is a method based on the scavenging of the DPPH radical, although both ABTS .+ and DPPH have been widely used to measure the antioxidant capacities of natural extracts, based on their ability to reduce the radical cation. The ABTS .+ reactions with antioxidants present in the test sample occur rapidly and can be assessed by following the decrease of absorbance sample at 700 nm for 6 min, much shorter than that of DPPH assay (30 min in the present study). Moreover, the DPPH assay determines the decrease absorbance sample at 517 nm, and the colored compounds such as anthocyanins and carotenoids present in the test sample may have the spectra that overlap with DPPH at 517 nm and thus interfere with the measurements. [26] Figure 1 presented the reducing power of hydrometanolic and aqueous extracts of leaves and stem bark as a function of their concentration. In this assay, the yellow color of the test solution changes to green and blue, depending on the reducing power of each compound. The presence of reducers (i.e., antioxidants) causes the reduction of the Fe 3+ /ferricyanide complex to the ferrous form. Therefore, measuring the formation of Perl's Prussian blue at λmax 700 nm can monitor the Fe 2+ concentration. The reducing power of leaves and stem bark aqueous and hydromethanolic extracts increased with concentration. For leaf extracts, it was showed that the strongest reducing power was observed with water. However, hydromethanolic stem bark extracts showed higher effect than the aqueous extract. Aqueous and hydromethanolic extracts from M. alba var. alba leaves showed high reducing power. Hydromethanolic M. rubra stem bark extracts showed the best reducing power. Aqueous and hydromethanolic M. alba var. alba and M. alba var. rosa showed similar effects.
Reducing Power Assay
The antioxidant activity of phenolics is mainly due to their redox properties, which allow them to act as reducing agents, hydrogen donators, and singlet oxygen quenchers. In addition, they have a metal chelation potential. [27] The extracts derived from this plant may offer a safe and natural source of antioxidants that may be used as additives to foods or consumed directly as therapeutic drugs and functional foods.
Antimicrobial Activity
Over the past decade, interest in drugs derived from higher plants, especially the phytotherapeutic ones, has increased greatly. It is estimated that about 25% of all modern medicines are directly or indirectly derived from higher plants. [28] In some particular cases, such as antitumoral and antimicrobial drugs, about 60% of the medicines currently available on the market, and most of those in the late stages of clinical trials, are derived from natural products, mainly from higher plants. [29] The stem bark and leaf extracts were screened for their antimicrobial properties against Staphylococcus aureus ATCC 25923, Enterococcus feacalis ATCC 29212, Staphylococcus epidermis CIP 06510, Escherichia coli ATCC 35218, and Salmonella Typhimurium ATCC 14028. Their antimicrobial activity was expressed by determining the diameter of the inhibition zone. Despite all the extracts revealed antimicrobial activity, they inhibited growth to variable extents, depending on the bacterium in question. As summarized in Table 3 , hydromethanolic and aqueous extracts of stem bark and leaves showed antibacterial activity against both Gram-positive bacteria (Staphylococcus aureus, Enterococcus feacalis, and Staphylococcus epidermis) and Gram-negative bacteria (Escherichia coli and Salmonella Typhimurium).
Hydromethanolic stem bark extracts possess significantly more important antibacterial qualities than do hydromethanolic and aqueous leaf extracts. However, no antibacterial activity was observed from hydromethanolic and aqueous extracts of M. alba var. rosa and M. rubra leaves ( Table 3 ). This might have resulted from the lack of solubility of the active constituents in aqueous and hydromethanolic solutions. Lack of activity can thus only be proven by using large doses. Alternatively, if the active principle is present in high enough quantities, there could be other constituents exerting antagonistic effects, or negating the positive effects of the bioactive agents. [30] With no antibacterial activity, extracts may be active against other bacterial species that were not tested. [31] In fact, aqueous extract of M. alba var. alba leaves showed an antibacterial effect against only Salmonella Typhimurium and Staphylococcus epidermis, and its hydromethanolic extract exerted the effect against Staphylococcus aureus. From the stem bark aqueous extract, only this of M. rubra showed an antibacterial activity against Salmonella Typhimurium. Successful prediction of botanical compounds from plant material is largely dependent on the type of solvent used in the extraction procedure. The traditional healers or practitioners make use of water primarily as a solvent, but these studies showed that hydromethanolic extracts of these plants were certainly much better and more powerful. This may be due to the better solubility of active components in organic solvent. [32] These observations can be rationalized in terms of the polarity of the compounds being extracted by each solvent and, in addition to their intrinsic bioactivity, by their ability to dissolve or diffuse in the different media used in the assay.
The selectivity obtained for mulberry leaves is clearly different from that of mulberry stem bark, which revealed a broad spectrum of antimicrobial activity. The bark inhibited the growth of several species of pathogenic microorganisms, representing Gram-positive (Staphylococcus aureus, Enterococcus feacalis, and Staphylococcus epidermis) and Gramnegative (Escherichia coli and Salmonella Typhimurium) bacteria. Hydromethanolic M. rubra stem bark extract revealed an antibacterial effect against the five studied bacteria, although their antioxidant activity is lowest. Its antibacterial activity can be due to the presence of antibacterial compounds (such arylbenzofuran and its derivatives) with important amounts than others stem bark and leaves. Stem bark of Morus mezozygia contained moracin T, moracin U, moracin C, and artocarpecin, which were able to inhibit the growth of Staphylococcus aureus LMP805, Streptococcus faecalis LMP806, Escherichia coli LMP701, and Salmonella Typhimurium LMP706. [33] As shown in Table 3 , Salmonella Typhimurium was the most easily inhibited of all the bacteria exposed to stem bark extracts. These results are important due to the fact that Salmonella Typhimurium can produce several types of enterotoxins that cause gastroenteritis, which is a major food-borne disease in most countries. It was clearly stated that plants contained microbial inhibitors (i.e., flavonoids) soluble in aqueous methanol, and the flavonoid aglycones were more active than their glycosidic forms naturally present in plants. [34, 35] Quercetin and other related compounds acted essentially by enzyme inhibition of DNA gyrase. [36] The microorganism Escherichia coli, which is already known to be multi-resistant to drugs, were also resistant to the plant extracts tested. It was susceptible only to hydromethanolic M. rubra stem bark extract and showed 8 mm of inhibition zone. The resistance of this bacterium toward leaves and stem bark extracts can be related to lipopolysaccharides in their outer membrane. [37] This observation, therefore, supports the notion that, in general, the Gram negative bacteria are more resistant than the Gram-positive ones. [38] 
CONCLUSION
In conclusion, the present study demonstrates that aqueous mulberry leaves and stem bark extracts may constitute a good source of polyphenols. These results encourage the use of leaves and stem bark as nutritional supplement and could be useful in the prevention of diseases in which free radicals are implicated. Moreover, the results demonstrate that stem bark may be a good antimicrobial agent against bacteria responsible for human gastrointestinal infections. This plant material could be a possible source to obtain new and effective herbal medicines to treat infections caused by multi-drug resistant strains of microorganisms from community as well as hospital settings. However, it is necessary to determine the toxicity of the active constituents, their side effects, and pharmaco-kinetic properties.
